1. F O R the train of thought which suggested the following considerations, I am more particularly indebted to the researches of Professor D raper of New York, con tained in his remarkable work, " On the Organisation of Plants, the Chemical Effects of the Solar Rays, &c.," 2nd edit., New York, 1845 . His experiments tend to show that the law of action and reaction, which prevails so generally in other departments of nature, is no less true in all the varied phenomena of the sunbeam, so that the latter cannot be reflected, refracted, much less absorbed, without producing some change upon the recipient medium.
2. Whilst however I acknowledge my obligations to the author for the information I have derived from his excellent work, I wish carefully to guard against the infer ence that I agree with him as to the necessity of admitting the existence of more than one imponderable, being strongly of opinion that all the effects of the solar rays may be attributed to some or other of the infinite variety of undulations of which the universal ether is capable, and which in the case of the sunbeam are impressed upon it by vibrations at the surface of the sun.
3. The vis viva, which has its origin in these vibrations, is transmitted through the ether with the velocity of light in extremely minute undulations of different lengths and periods.
If then a sunbeam, fraught with a vast variety of such undulations, be incident upon a medium so constituted that its particles are capable of vibrating in unison, or even in harmonic consonance less perfect than unison, with some or other of the ethereal vibrations of the incident beam, it must necessarily happen that one system of vibrations will be called into existence by the other according to the laws of resonance.
There may be a difficulty in explaining, but there can be no doubt of the fact, that the vis viva due to such induced vibrations, like that which is due to the vibrac 2 tions of heat, may become more or less persistent in the medium; producing at one time the phenomenon of fixed chemical action, at another time that of permanently latent heat, at another time that less permanently latent or retarded heat, at another time that of coloration and absorption, at another time that of phosphogenic action. The remarkable phenomena lately discovered by Professor Stokes seem closely allied to the latter, differing however in the circumstance that, they cease to exist the mo ment the exciting rays are withdrawn. Guided by analogy, I am inclined to think that these phenomena will be found hereafter to possess some slight though insensible duration, while I regard all action which is really momentary as expending itself upon the passing rays as they emerge in the form of reflected or refracted rays. But all these effects, of whatever kind, I regard as due to one and the same cause, which can, I conceive, be no other than the expenditure or distribution of the viva originally derived from the sun, and conveyed by the ether unchanged in amount.
4. By the term vis viva is here meant, the sum of the vibrating molecules each mul tiplied by the square of its velocity, a quantity which, by the usual dynamical theories, is constant, when we neglect the distant attractions (whose effects must be insensible on the all-but-imponderable ether), and take into account only the mutual actions of the molecules upon each other, in all cases, most certainly, when the molecules after being put in motion return to the same places which they occupied before their motion commenced, and there resume their former state of rest. It is extremely probable that this is the case in the propagation of a solar ray through the ethereal spaces, as we know that it is the case when a small vibratory pulse is in the course of propagation along a stretched wire, as also in every case of propagated undulations in which we can examine a the circumstances. We may further argue that, if the particles of an ethereal space, originally at rest, after transmitting a state of motion from a preceding to a succeeding space, were not again reduced to rest, the space first mentioned will continue to originate fresh motions, which would be propagated in one or more direc tions, after the former wave has passed; the ethereal space, therefore, after transmitting a luminous wave, would either continue for a while to be self-luminous, which is con trary to all we know of light, or else to be the source of vibrations of a different nature to those which set it in m otion; a supposition, which is so great a departure from simplicity, as to be extremely improbable; it is further, as before stated, opposed to all the analogies presented by cases of propagated undulations in which the circum stances are known. There is therefore scarcely room for a doubt that the vis viva of the luminous waves is transmitted through the ethereal spaces unchanged in quantity.
There is yet another way of establishing this principle, which may be more satis factory to some minds.
Let jo, p ' denote the vires vivas due to a luminous wave as it spreads out spherically with the velocity (a), and crosses successively over the spherical surfaces 4?rr2, 4$rr'2 in equal times ^5 r1 being any two distances from the origin of the light regarded as a point, and X the length of the undulation. Then, if nr be the area of the pupil, properly directed towards the luminous point at the successive distances r and r', ntities of vis viva which pass through the pupil in equal times, and being condensed on the retina produce the sensation of light with bright nesses proportional to their magnitudes. This accords with the views of all writers on the subject of physical optics. On the other hand, we know by experience, that and consequently p = / / ; the ether intermediate to the two spheres in transmitting the luminous wave has therefore delivered over the vis viva unchanged in quantity. 5. Let us now consider what will become of the viva when the luminous wave is incident upon the plane surface of a refracting medium. 1 shall confine my atten tion in the present communication to a singly refracting isotropical medium, amongst the comparatively grosser particles of which the incomparably more subtle and more numerous particles of the ether are supposed to be diffused in a different state of den sity to that which prevails in the surrounding spaces, such altered density being due to the attractions or repulsions which the particles of the medium exercise on those of the ether.
This being premised, we may regard the expenditure of the viva as of two kinds, according as it is distributed to the particles of the ether, giving rise to the reflected and refracted rays, or to the particles of the refracting medium. If it be expended solely on the ether, the sum of the vires vivce of the reflected and refracted waves ought to be exactly equal to the vis viva of the incident wave ; bu vis viva be communicated to the particles of the medium, the vis viva of the incident wave ought to surpass the sum of the vires vivce of the reflected and refracted waves by a certain excess. 6. The object with which the present inquiry commenced was to take into account the effect of such supposed excess, in the hope of arriving at some explanation of the Stokesian phenomena. The remarkable result I have obtained, that every loss vis viva will be accompanied by a diminution o f the refracti tion of the author's own idea of " a change of r efra n g ib ility b u t I confess it throws no light on the change of period,which it is also necessary to account for. Th 1 am inclined to think, is due to an action of the nature of harmonic resonance, and from some calculations which I have made, I think it probable that the light produced in the Stokesian experiments may be due to resonant vibrations excited in the medium, which are about a major or minor third lower in pitch than those of the invisible rays producing them, the medium afterwards communicating those vibrations to the ether as a new source of light.
7-Some apology may be required for borrowing from the language of music, terms explanatory of phenomena which cannot be heard, and in some cases neither heard nor seen; but critical taste must be prepared to yield a general licence to physical inquirers to indulge in such catachreses of language, whenever they are called for by the generalisation of ideas, for the expression of which, without such an alternative, a new language must necessarily be invented.
8. The mode of procedure which seemed most likely to lead to a successful result, was to assume in the first instance the hypothesis that the viva is expended solely on the reflected and refracted rays, and afterwards to modify, if possible, the steps of the process so as to adapt them to the hypothesis that a portion of it is expended on the medium, regarded as distinct from the ether by which it is permeated. 9. In adopting the more simple hypothesis I was really startled by the formula at which I arrived in the course of the investigation, for not only did the general or Cartesian law of refraction spring out most unexpectedly, as if by magic, but those very same expressions for the intensity of the reflected rays, which were first disco vered by F resn el, and subsequently verified by the experiments of B rew ster and A rago, were an immediate consequence of the formulae.
But while my results are in perfect harmony with experience so far as the latter has proceeded, at the same time they differ from those of F r esn el in some particulars. In the first place the index of refraction is not the simple quotient of the velocities of undulation, but of those velocities each multiplied by the density of the ether in the corresponding medium. In the second place, the vibrations of the ethereal par ticles are performed in the plane of polarization (and not perpendicular to that plane, as F r esn el supposed), agreeing therein, amongst others, with M accullagh, N aumann, and the earlier researches of Cauchy, but opposed to the more recent investigations of the latter and to the experimental determination of Professor Sto k es*. Further, the expressions for the intensities of the refracted rays differ slightly in other respects from those of F resn el, as given in A iry 's T racts; I am not aware that these inten sities have been tested by experiment, nor are the refracted rays so readily accessible to the experimenter as the reflected rays. I may be permitted however to claim, in favour of my own results, that in no one instance do I have recourse to forced analo gies or gratuitous hypotheses, the process I have pursued standing in need of no such help. I adopt indeed universally the fundamental hypothesis that the vibrations on which light depends, and consequently those of the reflected and refracted as well as of the incident rays, are strictly transverse to the directions of the rays. I admit that this hypothesis, considered a p r i o r i , must be regarded as perfectly a gains evidence, almost amounting to certainty, a poster'ioj'i, when we take into account the immense variety of phenomena connected with the polarization and de polarization of light, of which it affords a simple and satisfactory explanation. I am aware of the difficulties which have caused other theorists to modify this hypothesis in case of the reflected and refracted rays ; but I do not think that those difficulties should be objected to me, who approach the problem in an entirely different way, and who take into account circumstances which have been neglected by them, namely, the vibrations communicated to the medium itself. It is not surprising that such difficulties should occur in a dynamical theory which takes no account of such * Cambridge Transactions, vol. ix. part 1. communication of vibrations ; indeed the statical condition of two contiguous ethe real media of different densities is impossible, unless we take into account the mutual statical actions between the particles of the ether and those of the crystal which it is supposed to permeate ; much more are the dynamical conditions likely to he fraught with inconsistency, unless we take into account the mutual dynamical actions of those particles. I think it is considerably in favour of the present mode of viewing the problem, that no difficulties of the kind under consideration are found to present themselves.
10. I confine my attention, as I have before stated, to an isotropical singly refract ing medium, like glass or water, though I think, if I had more time at my disposal, I could extend the theory to doubly refracting crystals. A very simple integration gives me a general expression for the vis viva of an elementary cycloidal wave, in terms of the amplitude and the constants of the periodical function. By help of this I obtain two equations of vis viva, one for a wave whose vibratio plane of incidence, and the other for a wave whose vibrations are perpendicular to that plane, both vibrations being transverse to the axis of the ray. By the principle of superposition, these two equations will hold true simultaneouely when the above waves are regarded as the components of one and the same wave. I obtain three other equations between the amplitudes, from the simple consideration that a particle situated in the common surface of the two media cannot vibrate in more than one way at once. Of these three equations two involve the amplitudes of the first com ponent wave, and the third those of the second.
The five equations serve to determine, in terms of the angle of incidence and the component amplitudes of the incident wave, the five following quantities, namely, the angle of refraction, the two component amplitudes of the reflected wave, and those of the refracted wave.
11. By the help of F ourier's theorem we may decompose any form of undulation, extending between given limits, into a series of elementary cycloidal undulations, varying in wave-length, amplitude and orientation; and, again, a wave whose orien tation deviates from the plane of incidence, or a plane perpendicular to this passing through the axis of the ray, may be resolved into two, one in each of the above planes, which I shall term respectively the primary and secondary planes.
Let 6 be the angle of incidence of a cylindrical beam or incident ray; and let y -h sin y (at-\-x) z = k sin -(atf+.r+c) represent the displacements due to any one of its cycloidal elementary waves, resolved parallel to the primary and secondary plane, being the distance from the point of incidence measured along the axis of the ray, (a) the velocity of undulation, and t the time measured from some epoch anterior to incidence.
From these two equations we may readily derive the following, 
the vis viva ol each line or particles --■ ■ -by -y -, and the result i s --------------?
which holds true whether the particles be in the same phase for the whole extent of each transverse section, as, I think, is commonly supposed, or whether the phase be supposed to vary from particle to particle in such transverse section, according to some continuous law depending on the original vibrations at the surface of the sun or other origin of the beam ; it being understood of course that at a given instant the same type or system of phases will recur for sections separated from each other by the interval X. There will be the same recurrence of type for sections made by planes inclined to the beam at any given angle 0, and separated f pendicular interval X cos 6 ; and, further, the viva contained between two such planes will be the same as before, since every line of particles will have as much viva added at one extremity as is cut off at the other, when the cutting planes are 13. In the same way*, if h! and h, be the ampli tudes of the reflected and refracted rays, the angle of refraction, a, the distance of the ethereal particles from each other in the second medium, and a, the velocity of undulation in that medium, the vires vivoe of the same wave after the reflexion and refraction has been completed will be severally represented by am cos same as before, inasmuch as phases of any given kind, the nodal points for instance, will be transmitted across the surface of separation just as rapidly as they arrive, so far as regards the number transmitted in a given time, but with different velocities of undulation a and a ,i n the two media. Hence, on the supposition that n is lost by the rays, we shall have, omitting common factors, hqa cos$_hna cosfl . hfal cos0; a 3 a 3 a 3 14. Any particle in the surface of separation will be at one and the same moment performing its phase to the incident ray with the transverse velocity cos > or A A 2' 7rhv cos (2 m t),and to the reflected and refracted rays with the transverse velocities 2nrHv cos (2sntf), 2-r^cos (2cntf); and since this particle cannot move in more than one way at once, it is clear that the two latter must be equivalent to the former, accord ing to the laws of composition of velocities, which is the same as that of forces.
Hence, omitting the common factors, the amplitudes h!hl of the reflected and refracted rays will be statically equivalent to h, the amplitude of the incident ray, regard being had to their several directions. If, therefore, we resolve 7 in the direction of h and perpendicular to that direction, the sum of the two former com ponents will equal h} and the two latter components will destroy each other.
There is no difficulty in pursuing this process, but I prefer the following which * It is scarcely necessary to remark, that, for the reflected and refracted waves, at-x should be written in the place of at-\-x in the expressions for the displacement, but the sign of x has no influence on the result of the integration. leads to the same results, and gives a geometrical meaning to the language employed. By a well-known theorem in statics, if one force be equivalent to two others, and lines be drawn making any given angle with the directions of the three forces, the sides of the triangle intercepted by these lines will respectively represent the forces in magnitude and sign.
Let us agree to regard as positive those motions which tend to the right hand of a person supposed to be swimming on the plane of incidence in the direction in which any one of the three rays proceeds. Now the directions of the three rays themselves being those of the three excursions hh'hp each turned from right to through a right angle, it follows from the theorem just enunciated, that the sides of a triangle which are respectively parallel to the three rays, will properly represent the transverse velo cities in magnitude and sign.
Let PO, OP' and OP, be the directions of the incident reflected and refracted rays ; take ma ny point in the latter, and draw mn parallel to OP', meeting PO produced in n. By the rules of composition, On is equivalent to Omand mn, and since all three are measured in the direction in which the rays proceed, their signs must all be regarded as positive. Consequently h, h' and h, have the same sig portional to On, Om, mn, and therefore to sin O sin O sin nO m ; that is, to sin ($+$,), sin 20, and sin
We have, therefore, The rule to be followed in selecting the proper solution out of two possible ones, is to take that which causes the ray to deviate as little as possible from its original direction; this is at least the most natural course, and accords with expe rience in accounting for the phenomenon of polarization, as we shall immediately se e ; the contrary choice would leave that phenomenon unexplained; we have therefore no alternative but to adopt the second solution.
17-It may be observed, by the way, that the expressions of the intensities which I have found for the reflected rays whose vibrations occur respectively in the primary and secondary planes, exactly coincide with those which Fresnel has found for the reflected rays whose vibrations are respectively performed in the secondary and primary planes; while the expressions for the intensities of the refracted rays, with the same interchange of planes, only approximately coincide with those deduced by Fresnel. 
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26.
It is extremely natural to suppose that the effect upon the medium is mainly, it not entirely, operated by the refracted ray in its passage into the medium, after its separation from the reflected ray ; and as and denote the ratios -1 -, that is to J P, 9,' say, the ratio, tor each case, in which the vis viva entering the medium distributes itself between the particles of the medium and the particles of the ether interfused amongst them, we ought to expect that in an isotropical medium, like that under consideration, this ratio of distribution should be independent of orientation, and consequently the same for both the primary and secondary refracted waves. 27. I am not disposed however to leap too suddenly to the conclusion that the reflected ray in the action of turning through the angle has no influence in im parting vis viva to the medium*; though it must be conceded that in all cases where the brightness of the reflected rays accurately follows the laws of F resn el as tested by B rew ster and A rago, the reflected ray has no sensible influence on the medium ; for were it otherwise, we ought in an accurate theory of resonance to find a differ ence in the values of s and s'} as we do in the intensities of the prim waves, both reflected and refracted, and we have already seen that such difference of values will vitiate the law for the secondary reflected ray. It makes all the differ ence in the world, whether the vis viva be supposed to be communicated to the medium at the very instant of the shock, or immediately afterwards; in the first case it will be due partly to the reflected and partly to the refracted rays, in the latter case it will be due almost entirely to the refracted rays. In all cases, however, it is natural to suppose that the refracted rays are chiefly instrumental, and this is indicated by the equality of s and s' in isotropical media, without which equality the laws of F r e sn el , B rew ster and A rago, could not, according to the present theory, be accurately, though they might very well be approximately true, as in fact they would be if s s', though different from each other, were very small compared with unity. In clear transparent media, where there is little absorption, s and s' are pro bably very small, and such being the case, the above law of brightness ought to hold, independent of the equality s = d .
I return now to the expressions for the refractive index 1 s 1 H" s
In the first place, it will be remarked that these differ from the value which is usually adopted, namely, -• at I confess I always considered that the usual mode of deducing this value from the spread o f the w a v e , which in fact does not spread, was more elegant than conclusive. It is connected, if I mistake not, with the idea that the transverse front of a wave of light, as of a wave of sound, consists of particles all of which are in the same phase ; * Nevertheless it is worth observing, that at the critical angle (compare No. 39), in the case of s=zs', it results from the formulae that the absorbing power of the medium has no effect in diminishing the vis viva when the ray is turned through an angle it-20 in the operation of reflexion, and this is true both for the primary and secondary rays. I am therefore inclined to think, and other considerations confirm me in that opinion, that the absorbing medium acts something like a file in thinning off the absorbed portions of the ray, and requires that the ray should penetrate into its substance before it can exercise any absorbing action upon it. expresses the condition that PyQyS is a right angle, in other words, that the direction BQy of the refracted wave is perpendicular to the section of similar phase to PQ. Now though this may be true with regard to sound, we have no reason, beyond a precarious analogy, to assume that it is true with regard to light. Indeed I think the hypothesis of a similarity of phase extending over the whole of a transverse section ot the ray, whether it be the incident or refracted ray, is quite untenable ; for let us consider how light is generated.
29. Light appears to be generated by the action upon the ether of the superficial particles of a vibrating body, whether those vibrations have their origin in the pro cess of combustion, as in the flame of a candle, or in some other way, as in the case ot phosphorus, the electric light, &c. The vibrations of these superficial particles must be performed in that superficies, otherwise they could not impart trans vibrations to the ether in contact with them : and such being the case, it is highly improbable, indeed next to impossible, that one uniform phase should extend over more than a very minute portion of superficies at a given instant, consistently with the conditions of continuity.
30. The fairest way of considering the subject without assuming the uniformity of phase, is to take a section of the incident ray PQ parallel to the refracting surface, and therefore =co, and upon every particle of this section to erect ordinates representing the phases of the different particles: the rippled surface which passes through the extremities of these ordinates P A will possess a kind of type, which after the time -will be transferred to the surface AB, through which it will be transmitted, with diminished intensity, into the refracting are quite independent of such analogy, and are true whatever may be the type of the rippled surface at the front of the waves. I may mention, by the way, that I think it arises from the existence of such a rippled front of wave, that the fringes of interference, which border the margin of a small aperture, upon which a conical pencil of light is incident, are found to vanish when the aperture exceeds a very small lim it; in fact, when the aperture is enlarged so as to admit a comparatively large chequered surface of the wave's front, the several portions destroy each other's effect by interference; but when the aperture is so small as only to admit a portion which presents a uniformity of phase, then the fringes present themselves and admit of the usual explanation. The hypothesis of a rippled front is therefore not only the most probable when we consider the origin of the beam, but it accounts simultaneously for the non-spread of the wave and the disap pearance of the fringes when the aperture is large.
It may perhaps be urged in favour of the hypothesis of uniformity of phase in the front of the wave, that it is necessary, in order to account for a succession of pulses on the retina, giving for different values of a the impression of different colours ana logous to different musical notes in the phenomenon of sound. To this I reply, that the phases of maxima via viva will succeed with equa in both cases, which is a complete answer to the objection.
In fact, if we adopt the hypothesis of a rippled front, the vis viva due to any transverse section as it enters the pupil, will have for its expression an integral of the form Hence we see the possibility of particular rays, on which the medium exerts a powerful absorbing action at small angles of incidence, being totally reflected at larger incidences, whilst the remainder of the incident beam is partly refracted, the refracted and reflected light thus being of completely different colours. Specimens of coloured glass partaking of this property are not uncommon, and I have recently been shown a glass which is deep blue seen by reflected light, and reddish brown by refracted light, an effect which Professor Stokes, who showed me the specimen, assures me is not of the nature of f l u o r e s c e n c e, the name he has finally phenomena discovered by himself.
At the other limit, for which ^= 0, sin0; attains its minimum value -sin0; the r rays, of which no portion has been absorbed, therefore emerge on the most refracted side of the spectrum; the same thing appears from the expression which shows that the refractive index is then a maximum. 32. Although it is possible in this manner to account for a considerable range of spectrum extending, with rapidly decreasing intensity, from the most refracted end, where the rays have suffered least absorption and where the intensity is the greatest, towards the least refracted end, where the intensity decreases without limit, never theless there is nothing in this theory which necessarily connects the degree of refraction with the colour, or more generally speaking, the period of the ray.
Experience shows that the most refracted rays have the smallest period; if then we would account for the chromatic dispersion in this way, we must admit that media are more acted upon by the rays of longer period, than by rays of shorter period, by the red than by the violet; but this is contrary to experience. The effect of absorp tion upon the index of refraction must therefore be regarded as antagonistic to the chromatic dispersion.
33. M. Cauchy has, I consider, given a satisfactory theory of chromatic dispersion, which is perfectly consistent with every thing which has been advanced in the pre sent theory. But I claim for the latter that it gives a satisfactory account of the phenomena of absorption and the spectral spaces discovered by Fraunhofer, and com monly known by the name of Fraunhofer's lines, especially when taken in connexion with the consideration of luminous r e s o n a n c e , to which subject, I th of scientific men is here directed for the first time.
In fact, according to the laws of resonance, those rays will act most forcibly on the medium, which find amongst the particles of the latter some capable of vibrating in unison, or in harmonic consonance less perfect than unison, with themselves, the unison of course giving rise to by far the most energetic action, but the other conso nances producing effects more decided as the coincidences of phase are more frequent; we see therefore in general why particular rays should be selected for absorption, with out any insensible gradation, and why some lines of absorption, those corresponding to unison for example, should be more strongly marked than others; and these pre liminaries being conceived, then comes the equation sin 0 ,= ( l+ s ) ~sin 6, which explains how those rays which undergo absorption are turned out of their places and deflected towards the less refracted end of the spectrum, and in some cases, though with intensities so diminished as to be imperceptible, far beyond the limits of the visible spectrum. In fact as s increases, the above equation shows that increases. The refracted ray is therefore turned more from the normal, or deviates less from its original course than it would do if there were no absorption, in which case a= o. The intensities of the reflected and refracted rays, both in the primary and secondary planes, will of course be diminished by the loss of as is further apparent from the expressions which have been obtained for i', inj ' and in Nos. 24 and 25, namely, where it may be observed that and j l diminish rapidly as increases. Without the turning action above mentioned, the lines of absorption might exist indeed in a less marked manner, but the turning action fairly dismisses the weakened rays out of their places, and these places, if occupied at all, will be occupied by stray rays of a different colour from their immediate neighbours, presenting a faint tinge of the colour which has been turned from a remote space on the more refracted end of the spectrum. And this, I consider, is the true explanation of the phenomenon discovered by B rew ster, and cited by D raper, p. 85 ; that red light exists the violet spaces of the solar spectrum and blue light in the r e d : provided the spaces be regarded as the extreme violet, deflected towards the purple part of the spectrum ; for the extreme violet rays, to my own eyes at least, scarcely differ in colour from the extreme red.
In the celebrated Memoire of M. .
k. h t a n y^-^J . -t a u y the same expressions which we obtained on the supposition that there was no absorp tion, and which have been tested by Brewster and Arago.
36.
A most interesting application of this theory is the explanation it affords of the rotatory phenomena of polarization exhibited by certain liquids, as also by certain solids, some specimens of quartz, for instance, which are distinguished from each other by the known appellations of right-handed and left-handed quartz.
Let us suppose that the liquid (a solution of sugar or of honey, for instance, both of which are found to possess this property) is divided by horizontal sections at a small vertical distance from each other, f being the depth below the surface of the fluid. Though there is no refraction or deviation as the rays pass from one stratum to another, nothing prevents us from making in the formulae just found, which gives P ,= l+S it is sometimes called, will be right-handed or left-handed according as a is positive or negative. In the latter case we may put the formula under the shape which shows that for a negative value of < 7o f equal magnitud will be exactly similar to the right-handed spiral.
Since the nature of the spiral as regards right and left depends on the sign of ; when this difference is very small, as it must be when there is no sensible reflected ray (this appears by the value of (/), we see how a very trifling variation of the con stitution of the fluid will change the rotation from right to left or from left to right; and this is agreeable to experience; for though the chemist can detect no difference in sugar formed from beetroot and that formed from the cane, yet these are found to possess the property in opposite directions. In the same way the specimens of righthanded and left-handed quartz which possess this property, must owe their difference to the presence of some ingredient, which enters in so minute a proportion as not sensibly to affect either the crystalline form or the chemical composition.
I must say that this successful application of the present theory to the explanation of these singular phenomena, which no one, so far as I am aware, has ever attempted to explain before, gives me great confidence in the truth of the general theory; nor less satisfactory is the perfectly simple and easy manner in which the known laws of refraction, polarization and photometry result from the calculus. I think I may also appeal to the symmetry and elegance of the formulae themselves, as justifying the inference that they are not less connected with truth than with light.
37. Several other modes of testing the truth of the present theory have occurred to me, but I have not the time to work them out in detail. Suffice it to say, that hitherto I have not met with a single case with which it seems to be at variance, and I doubt not, whenever the theory of resonance is brought to perfection, that much which is still obscure will be completely explained. The latter theory is at present in a very im perfect state, though the experimental researches of Savart and others have revealed its phenomena with great minuteness of detail, and with a variety of most curious and interesting results. The mathematical difficulties of the subject are such that they will require the highest analytical powers to contend with them ; though I cannot hope personally to assist in overcoming them, I am very sanguine that they will finally yield to the intellectual battery of modern analysis, and I am not a little I return to the subject of reflexion and refraction. In the general theory I have taken the case of a dense refracting medium, as it is usually termed (though I think it will turn out that it should rather be termed a rare refracting medium), in which > 1, or 1. But all the steps will hold, , when ^< 1 , and it may be convenient to exhibit the formulae adapted to that hypothesis. They are as follows :-For the primary wave, 
42.
In the theory of the primary wave, whose vibrations are performed in the plane of incidence, although I have supposed that these vibrations are perpendicular to the directions of the incident, reflected and refracted rays, yet the same demonstration will hold whatever be the inclination of the vibrations to the rays, provided it be the same for all the three rays. If we denote by s this constant angle of vibration, the only change necessary to be made in the wording of No. 14. is, for " transverse" to read o b l i q u e, and instead of the words " each turned from right to left through a right angle," to read each turned from right to left through an angle (s). Hence, whatever be the value of s, the intensity of the reflected ray will be properly repre-
sented bv i S -l t l L If -sin 2 (8 + 8,)
If g = 0 , we have exactly the case which has been treated by Mr. G reen*; as is manifest from his symbols; though his language is indefinite as regards the direction of vibration.
It is therefore extremely interesting to compare Mr. Green's expression for the intensity of the reflected ray, or rather the square of his expression (for he seems to use the word intensity in a different sense, namely, that of comparative velocity), with the observing beforehand, that, from the way in which he has sim- 
